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COMPRESSED AIR ENERGY STORAGE AND METHOD OF OPERATION

Background of the Invention

[0001] This invention relates to compressed air
storage (CAS) systems. More particularly, this
invention relates to CAS systems that provide increased
system efficiency, lower emissions and reduced system
cost compared to known CAS systems.

[0002] CAS systems are well known. Such systems,
often used to provide an available source of electrical
power, often use compressed air stored in an air tank
that is heated and routed to drive a turbine which
powers an electrical generator.

[0003] Alternatively, rather than heating compressed
air from the air tank prior to it being supplied to a
turbine, some CAS gystems utilize larger pressure tanks
and forego the heating process.

[0004] One known configuration of a CAS system
includes a motor that, when powered by utility power,
compresses ' air into a tank. When electrical power is
desired, compressed air from the pressure tank is
routed through a fuel-combustion system that heats the

compressed air before it entexrs the turbine inlet.
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This hot air drives the turbine, which in turn powers
an electrical generator.

[0005] Such known CAS systems, however, suffer from
various deficiencies such as wasted heat during the air
compression process, which can result in higher overall
operating costs, and a constant requirement for fuel to
continuously heat the compressed air. In particular,
the fuel-combustion process used in prior CAS systems
in order to heat the compressed air produces harmful
emissions, and depending on the duty cycle of the
heating process, may not provide the most cost
effective method of heating.

[o0006] In view of the foregoing, it is an object of
this invention to combine a conventional CAS system
with thermally stored energy to provide a combined
thermal and compressed air storage (TACAS) system that
eliminates the necessity for a fuel-combustion system
and the associated hydrocarbon emissions or reduces the
quantity of fuel required for system operation.

[0007] It is also an object of the present invention
to provide a TACAS system that reduces the amount of
wasted heat during the air compression process, thereby
being capable of supplying electrical power with

increased efficiency over prior CAS systems.

Summary of the Invention

[0008] These and other objects of the present
invention are accomplished in accordance with the
principles of the present invention by providing
various TACAS systems that are capable of supplying
electrical power with increased efficiency and reduced
point source pollution. This reduction of point source

pollution is particularly beneficial when the location
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of the TACAS system makes ventilation difficult,
although it may be desirable to reduce the harmful
emissions by eliminating the use of a fuel-combustion
system in other circumstances as well.

[0009] In the various embodiments of the present
invention, compressed air is heated by at least one
exhaustless heater. 1In turn, the heated compressed air
drives a turbine which powers an electrical generator
to provide an electrical output.

[0010] One embodiment of the present invention
utilizes a thermal storage unit (TSU) (acting as the
exhaustless heater), instead of using a fuel-combustion
system, to provide power with increased efficiency in
the following manner. Electric power from a utility
power source is used to heat the thermal storage
material of the TSU with relatively high electrical to
thermal energy efficiency. Accordingly, a relatively
low amount of electrical input, together with thermal
insulation, is used to provide and maintain the thermal
energy storage in the storage material of the TSU.
Utility power also drives a compressor motor that in
turn compresses air into a pressure tank.
Alternatively, the pressure tank may be a replaceable
compressed air cylinder, in which case a compressor is
not necessary. When electric power from the TACAS
system is needed, compressed air from the pressure tank
is routed through a TSU and is thus heated before
entering the inlet port of a turbine. This hot air
drives the turbine, and the turbine, in turn, powers an
electric generator. Through this process, the TACAS
system provides an energy output with lower emissions

when compared with prior CAS systems, because the TACAS
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system doesn't require fuel combustion to heat the
compressed air prior to entering the turbine inlet.
[0011] In another embodiment of the present
invention similar to the one described above, the heat
of ambient air, which is at a temperature generally
greater than that of the compressed air flowing into
the TSU, is used to preheat the compressed air prior to
entering the TSU unit.

[0012] In another embodiment of the present
invention, heat from the turbine exhaust is used to
preheat the compressed air before entering the TSU
unit.

[0013] In still a further embodiment of the present
invention, waste heat from an independent system or
solar heat is used to preheat the compressed air before
entering the TSU unit.

[0014] In another embodiment of the present
invention, a second TSU (which is maintained at a lower
temperature) is used to preheat the compressed air
before the air enters the main TSU. This second TSU
derives its thermal energy by pumping ligquid through
small heat exchangers that are in thermal contact with
the compressor and/or tank in order to capture and
store waste heat given off during the compression

process.

Brief Description of the Drawings

[0015] The above and other features of the present
invention, its nature and various advantages will be
more apparent upon consideration of the following
detailed description, taken in conjunction with the

accompanying drawings, in which like reference
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characters refer to like parts throughout, and in
which:

[0016] FIG. 1A is a schematic diagram of a
conventional CAS system;

[0017] FIG. 1B is a schematic diagram of another
conventional CAS system;

[0018] FIG. 2 is a schematic diagram of a TACAS
system in accordance with the principles of the present
invention;

[0019] FIG. 3 is a schematic diagram of another
TACAS system in accordance with the principles of the
present invention;

[0020] FIG. 4 is a schematic diagram of another
TACAS system in accordance with the principles of the
present invention;

[0021] FIG. 5 is a schematic diagram of another
TACAS system in accordance with the principles of the
present invention;

[0022] FIG. 6 is a schematic diagram of another
TACAS system in accordance with the principles of the
present invention; and

[0023] FIG. 7 is a schematic diagram of another
TACAS system in accordance with the principles of the
present invention that eliminates the use of a thermal

storage unit.

Detailed Description of the Invention

[0024] FIG. 1A shows a conventional CAS system 100
for providing output power.

[0025] CAS system 100 includes an electrical

input 110 that provides input power to motor 121, which
may be any conventional type of motor (e.g., a rotary

electric machine). Electrical input 110 may be utility
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power or, for example, a battery or other short term
power supply. Motor 121 is coupled to compressor 122
so that when motor 121 is receiving power Ffrom
electrical input 110, it drives compressor 122.
Compressor 122 supplies compressed air through a

valve 124 into pressure tank 123. Compressor 122 may
be any type of compressor which compacts or compresses
air (e.g., atmospheric air) to occupy a smaller space
inside of pressure tank 123.

[0026] As shown in FIG. 1A, pressure tank 123 is
connected to compressor 122 through valve 124. It
should be understood, however, that pressure tank 123
may be replaced with any other suitable type of air
reservoir capable of storing compressed air. For
example, an underground salt dome (not shown) may be
used in place of pressure tank 123.

[0027] When electric power is needed from CAS
system 100, compressed air from pressure tank 123 is
routed through valve 132 to combustion system 131.
Combustion system 131, as shown in FIG. 1A, receives
fuel from a fuel input 133 which is mixed with the air
being supplied through valve 132. Combustion

system 131 ignites and burns the fuel, and the
resulting exhaust gases are directed to turbine 141.
[0028] The hot air emerging from combustion

system 131 flows against the turbine rotor (not shown)
of turbine 141 and drives turbine 141, which may be any
suitable type of turbine system (e.g., a radial-flow
turbine). In turn, turbine 141 drives electrical
generator 142, ‘which produces power and provides it to
electrical output 150.

[0029] Also shown in FIG. 1A is turbine exhaust 143

(e.g., the exhaust gases emerging from turbine 141).
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Turbine exhaust 143 may be vented through an exhaust
pipe (not shown), or simply released to recombine with
atmospheric air.

[0030] CAS system 100, however, is inefficient and
polluting because it requires fuel to heat cold input
air prior to the air being supplied to turbine 141, and
because a relatively large amount of energy is lost in
the form of wasted heat during the compression process.
[0031] CAS system 160, shown in FIG. 1B, isg similar
to CAS system 100 shown in FIG. 1A, except that
combustion system 131 and fuel input 133 are not
utilized. Except for the lack of a combustion system,
CAS systems 100 and 160 operate in essentially the same
manner, using similar components which are labeled with
identical reference numerals.

[0032] Ag a result of the difference between CAS
system 100 and CAS system 160, CAS gystem 160 is
simpler from having less components. Also, CAS

system 160 does not require fuel to heat compressed air
prior to the compressed air from pressure tank 123
being supplied to turbine 141. Therefore, no emissions
are given off by a heating process.

[0033] Due to the loss of heating capability,
however, pressure tank 123 of CAS system 160 will
likely need to be much larger (and therefore more
expensive) than pressure tank 123 of CAS system 100.
For example, pressure tank 123 of FIG. 1B may need to
be 2-4 times larger than tank 123 of FIG. 1A in order
to provide the same level of power output through
turbine 141 and generator 142.

[0034] In accordance with the principles of the
present invention, a TACAS system 200 is shown in

FIG. 2 which alleviates problems associated with CAS
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systems 100 and 160. In particular, TACAS system 200
provides the benefits of heating compressed air from
pressure tank 123 before it is supplied to turbine 141,
without producing the harmful emissions associated with
combustion system 131 of CAS system 100. This is
accomplished by using an exhaustless heater, or non-
combustion heater, such as a thermal storage unit as
described below. It will be understood by persons
skilled in the art that the term exhaustless heater as
used herein refers to any type of heater which does not
produce a waste product (e.g., a noxious or toxic
emission). For example, this also includes a simple
ambient air heat exchanger, which relies on the blowing
of ambient air to transfer heat energy, or any other
suitable type of heat exchanger or wasteless heater.
[0035] Additionally, as a result of the compressed
alr heating capability in TACAS system 200, larger
pressure tanks are not required as is the case with CAS
system 160. These and other improvements are evident
given the descriptions of TACAS system 200 and the
various other embodiments discussed below.

[0036] TACAS system 200 is shown to include several

components, many of which are substantially similar to

‘those described above with respect to CAS 100 of

FIG. 1A. Persons sgkilled in the art, however, will
appreciate that the principles of the present invention
may be accomplished using any of the specific
canfigurations described herein, other combinations of
those configurations, or even configurations utilizing
other components without departing from the spirit of
the present invention.

[0037] TACAS system 200 includes thermal storage

unit (TSU) 231, which replaces combustion system 131 of
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CAS 100. Once again, electrical input 110 is used to
power motor 121. Motor 121, in turn, drives
compressor 122, thereby providing compressed air
through valve 124 into pressure tank 123, which stores
the compressed air. Valves 124 and 132 (the use of
which is further described below) may be conventional
valves or any other type of suitable device for
selectively permitting or preventing the flow of air.
Alternatively, compressor 122 or pressure tank 123 may
be modified to include the ability to selectively seal
and open an air passage way. Moreover, valves 124

and 132 may be replaced by a single valve that
selectively routes air from compressor 122 to pressure
tank 123, and from pressure tank 123 to TSU 231.

[0038] It should be understood by those skilled in
the art that although the embodiments of the present
invention discussed in detail herein include the use of
a motor 121, a compressor 122 and a pressure tank 123
for providing the compressed air that is heated and
supplied to turbine 141, the invention is not limited
in this manner. For example, an embodiment of the
present invention that doesn't use a separate pressure
tank 123, could instead use compressor 122 to compress
air which would then stored inside an underground salt
dome. The compressed air is then routed through

TSU 231 to power turbine 141. Alternatively, pressure
tank 123 may be a replaceable compressed air cylinder
(e.g., a DOT cylinder) that is replaced once it no
longer holds compressed air, in which case motor 121
and compressor 122 would not be necessary.

[0039] When electric power is needed from TACAS
system 200, compressed air from pressure tank 123 is

provided through valve 132 to be heated by TSU 231. It



WO 2004/072452 PCT/US2004/003445

10

15

20

25

30

- 10 -

should be understood by those skilled in the art that
TSU 231 may be any suitable type of heat exchanger
which can transfer heat from a thermal storage material
(not shown) in TSU 231 to the compressed air coming
from pressure tank 123. For example, TSU 231 may be a
fluid-filled heat exchanger and storage unit in which
oil, for example, is heated to relatively high
temperatures (e.g., between 150 and 300 degrees C).
Alternatively, TSU 231 may be made to include, instead
of a liquid such as oil, another material such as a
ceramic material, or a solid mass (e.g., an iron mass),
which can be heated to a higher temperature such as
between 150 and 1000 degrees C.

[0040] Moreover, it should be understood that

TSU 231 may also include a material from which thermal
energy may be extracted as the material transitions
from a liquid to a solid. For example, TSU 231 may be
filled with molten aluminum that is normally maintained
at approximately 670 degrees C. When power is needed
to be extracted from TACAS system 200, in this
instance, the molten aluminum would cool and start to
solidify, thus releasing heat at a substantially
constant temperature that is then used to heat the air
coming from pressure tank 123 before it is routed to
turbine 141.

[0041] As is illustrated in FIG. 2, the thermal
storage material of TSU 231 is heated by resistive
heater 233. Resistive heater 233, which is powered by
electrical input 110, is in physical contact with the
thermal storage material of TSU 231, and heats this
material to a predetermined temperature. For example,
assuming TSU 231 is a fluid-filled heat exchanger and

storage unit, resistive heater 233 heatg the fluid
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(e.g., 0il) to the predetermined temperature. The lack
of noxious emissions from this type of heating is ideal
for indoor applications.

[0042] It will also be understood by persons skilled
in the art that, alternatively, the thermal storage
material of TSU 231 may be heated by any other suitable
type of heating system. For example, rather than
utilizing resistive heater 233 powered by electrical
input 110, a closed-loop pipe containing a fluid (e.g.,
oil) that is heated by external burners (not shown) may
be used. 1In that case, the heated fluid pumped through
the closed-loop pipe may be used to convey thermal
energy to the fluid (or other type of material) that
makes up the thermal storage material of TSU 231.
Moreover, electrically conductive thermal storage
materials, such as iron, may be heated inductively.
Thus, the invention is not limited in the specific
heating manner.

[0043] Once the compressed air from pressure

tank 123 is heated by TSU 231, the hot air is used to
drive turbine 141, which in turn powers electrical
generator 142 resulting in power at electrical

output 150. Turbine exhaust 143 may then be released
by turbine 141 into open air or routed through an
exhaust pipe (not shown) to a desired location.

[0044] Persons skilled in the art will appreciate
that, although a generator 142 is shown in TACAS

system 200, an electrical machine (not shown) that is
capable of operating, at different times, as a motor or
a generator may also be used. 1In this case, the
electrical machine would maintain the rotation of the
rotor (not shown) of turbine 141 using electrical

input 110 when available. Thereafter, when power is
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needed from TACAS systeﬁ 200, the electrical machine
would operate as a generator, being driven as explained
above by turbine 141.

[0045] FIG. 3 shows an additional configuration of a
TACAS system 300 that utilizes components from TACAS
system 200 and CAS system 100. The primary difference
between TACAS system 300 and the previously described
systems is that TACAS system 300 utilizes an ambient
air heat exchanger 360 that takes heat from ambient air
and uses the thermal energy of the ambient air to heat
the compressed air coming from pressure tank 123 prior
to being supplied to TSU 231. 1In this manner, the
generally below ambient temperature compressed air from
pressure tank 123 is pre-heated by the heat of ambient
alr before being routed to TSU 231.

[0046] Although the embodiment shown in FIG. 3
increases the size and complexity from that of TACAS
system 200, the tradeoff is that the configuration of
TACAS system 300 reduces the amount of thermal storage
material necessary in TSU 231 for a given amount of
energy, and also increases system "round trip"
efficiency which is defined as the electrical energy
output divided by the electrical energy input of TACAS
system 200.

[0047] FIG. 4 shows another configuration of a TACAS
system 400 that utilizes components found in CAS

system 100 and TACAS systems 200 and 300. Instead of
using heat exchanger 360, however, TACAS system 400
utilizes turbine exhaust heat exchanger 470. Heat
exchanger 470 utilizes heat from the exhaust of

turbine 141 to pre-heat the generally below ambient
temperature compressed air from pressure tank 123 |

before it is routed to TSU 231. Once again, this
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results in a generally larger and more complex system
than that of TACAS system 200, however, TACAS 400 also
reduces the amount of thermal storage material
necessary in TSU 231 for a given amount of delivered
energy, and further increases overall system "round
trip" efficiency. This configuration also cools the
exhaust from turbine 141, which can be particularly
important for indoor applications.

[0048] Persons skilled in the art will understand
that the configurations discussed above for TACAS
systems 300 and 400 may be combined to further enhance
system efficiency. For example, FIG. 5 shows another
configuration in TACAS system 500 that includes various
components from CAS system 100 and TACAS system 200, as
well as heat exchanger 360 from TACAS system 300 in
series with heat exchanger 470 from TACAS system 400.
Accordingly, TACAS gystem 500 uses both ambient air
heat exchanger 360, that uses heat from surrounding air
to heat compressed air coming from Pressure tank 123,
and turbine exhaust heat exchanger 470, which uses heat
from the exhaust of turbine 141 to pre-heat the
generally below ambient temperature air from pressure
tank 123.

[004¢9] In addition, TACAS system 500 also includes
another heat exchanger 580, which may be either a solar
energy heat exchanger or a waste energy heat exchanger,
to further pre-heat compressed air from pressure

tank 123 before it is routed to TSU 231. Heat
exchanger 580 uses either solar energy or waste energy
(e.g., wasted heat from an industrial process) to
further heat compressed air from pressure tank 123. As
with TACAS systems 300 and 400, the introduction of

additional heat exchangers may add cost and complexity
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to the system, however, also increases system
efficiency. It should be noted that although heat
exchangers 360, 470 and 580 are shown in a particular
series connection to pre-heat compressed air from
5 pressure tank 123 before routing it to TSU 231, the
invention is not limited in this manner. Any
combination of these or other types of heat exchangers
described in accordance with the principles of the
present invention may be used without limitation to a
10 particular order in which the compressed air from
pressure tank 123 1s pre-heated.
[0050] FIG. 6 shows another embodiment of a TACAS
system 600 constructed in accordance with the
principles of the present invention. TACAS system 600
15 includes substantially the same components as TACAS
system 500 shown in FIG. 5, except that the solar or
waste heat exchanger 580 is replaced by a second
TSU 691 (which, together with heat exchangers 692
and 693 described below, forms a compression process
20 heat exchanger) that is generally at a lower
temperature than TSU 231. TSU 691 derives its thermal
energy by pumping a liquid such as water, using
pump 694, through small heat exchangers 692 and 693,
which are respectively in thermal contact with pressure
25 tank 123 and compressor 122. 1In this manner, heat
exchangers 692 and 693 capture and store the waste heat
given off during the air compression process. Once the
air compression process is complete, the captured heat
is stored in the liquid in TSU 691 in a thermally
30 insulated reservoir. During discharge, the cold tank
compressed air is pre-heated by ambient air heat

exchanger 360, then by TSU 691, then by turbine outlet
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heat exchanger 470, and finally by main TSU 231 before
entering the inlet of turbine 141.

[0051] Although the incremental heat exchangers may
add incremental cost and complexity to the system, this
system (and the other systems described above) have the
potential for .long-term capital expenditure recovery
through lower operating costs associated with increased
efficiency. Moreover, TACAS system 600 provides
enhanced efficiency without requiring a source of solar
or waste heat. 1In particular, much of the heat lost
during the compression process can be recaptured from
the heat of the surrounding air. If waste or solar
heat is also available, and an additional heat
exchanger, such as heat exchanger 580, may be added, it
may even be possible for the system to generate more
power than the power required to compress air into
pressure tank 123 and to heat TSU 231.

[0052] FIG. 7 shows a further embodiment of the
present invention in TACAS system 700 in accordance
with the principles of the present invention. TACAS
system 700 is substantially similar to TACAS system 600
described above, except that TSU 231 and its associated
components (i.e., heating resistor 233 and its
electrical input 110) have been removed and AC-to-DC
converter 702 has been added. Persons skilled in the
art will appreciate that converter 702 is optional, and
that any of the above described embodiments of the
present invention may also use converter 702 without
departing from the scope of the present invention. For
example, it may be beneficial to use converter 702 when
a DC electrical output 150 is required by a load which
is being supplied power from TACAS system 700.
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[0053] Moreover, the configuration shown in FIG. 7,
which is similar to the configurations described above,
provides many improvements over known CAS systems.
Namely, a fuel-combustion system is not needed, thus
the amount of emissions is substantially reduced.
Furthermore, waste heat is reduced through the use of
various heat exchangers. TACAS system 700, however,
shows an embodiment of the present invention in which
cold tank compressed air from pressure tank 123 is
heated solely through the use of the various heat
exchangers, as shown in FIG. 7, prior to being supplied
to the inlet of turbine 141.

[0054] The TACAS configuration shown in FIG. 7,
while providing reduced pre-heating capabilities when
compared with the known TACAS systems described above,
may be used when the amount of heating desired is
adequately accomplished through the use of, for
example, heat exchangers 360, 470 and 691. In this
manner, the costs associated with TSU 231 are removed,
including the cost of electrical energy to heat the
thermal storage material in TSU 231, and the benefit of
pre-heating compressed air prior to the air being
supplied to turbine 141 is achieved using available
waste heat. Alternatively, additional heat exchangers
may be added (not shown) as necessary, oOr one or more
of the heat exchangers shown in FIG. 7 may be removed,
and any combination of heat exchangers described herein
may be utilized (in any order of heating) to accomplish
the heating of compressed air which is supplied from
pressure tank 123.

[0055] Once again, it should be understood by those
skilled in the art that the present invention is not

limited by the specific configurations described above.
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For example, it should therefore be noted that although
TSU 691 in TACAS systemsg 600 and 700 is shown to be a
fluid-filled heat exchanger and storage unit, the
invention is not limited in this manner. Rather, any

5 combination of the above described configurations
remain within the scope of the principles of the
present invention.
[0056] The above described embodiments of the
present invention are presented for purposes of

10 illustration and not of limitation, and the present

invention is limited only by the claims which follow.
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What is Claimed is:

1. A thermal and compressed air storage
system comprising: -

a source of compressed air;

at least one exhaustless heater coupled
to said source of compressed air to heat said
compressed alr;

a turbine coupled to gaid exhaustless
heater to receive said heated compressed air, said
received heated compressed air driving a turbine rotor
in said turbine; and

an electrical generator that is powered
by said turbine when said turbine is driven by said

heated compressed air.

2. The thermal and compressed air storage
system of claim 1, wherein said system further
comprises:

an AC-to-DC converter coupled between

said electrical generator and a load.

3. The thermal and compressed air storage
system of claim 1, wherein said source of compressed
alr comprises:

a compressor that compresses air; and
an air reservoir that collects said

compressed air.

4. The thermal and compressed air storage
system of claim 3, wherein said air reservoir is a

pressure tank.
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5. The thermal
system of claim 3, wherein

underground salt dome.

6. The thermal

system of claim 1, wherein

PCT/US2004/003445
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and compressed air storage

said air reservoir is an

and compressed air storage

said source of compressed

air is a replaceable compressed air cylinder.

7. The thermal
system of claim 1, wherein

thermal storage unit.

8. The thermal

system of claim 7, wherein

and compressed air storage

said exhaustless heater is a

and compressed air storage

said thermal storage unit

comprises a thermal storage material that is heated by

a heating system.

9. The thermal
system of claim 8, wherein

material is a liquid.

10. The thermal

system of claim 9, wherein

11. -The thermal

system of claim 8, wherein

and compressed air storage

said thermal storage

and compressed air storage

said liquid is oil.

and compressed alr storage

said thermal storage

material is a solid block of mass.

12. The thermal

and compressed air storage

system of claim 11, wherein said mass is iron.

13. The thermal

system of claim 8, wherein

and compressed air storage

said thermal storage

material transitions between a liquid state and a solid

state.
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14. The thermal and compressed air storage

system of claim 13, wherein said material is aluminum.

15. The thermal and compressed air storage
system of claim 8, wherein said heating system
comprises a resistive heater that uses electrical power

to heat said thermal storage material.

16. The thermal and compressed air storage
system of claim 8, wherein said heating system
comprises at least a first agent and a second agent
that when mixed together produce an exothermic reaction

5 to heat said thermal storage material.

17. The thermal and compressed air storage
system of claim 1, wherein said exhaustless heater ig

an ambient air heat exchanger.

18. The thermal and compressed air storage
gystem of claim 1, wherein saild exhaustless heater is a

turbine exhaust heat exchanger.

19. The thermal and compressed air storage
gsystem of claim 1, wherein said exhaustless heater is a

solar energy heat exchanger.

20. The thermal and compressed ailr storage
system of claim 1, wherein said exhaustless heater is a

waste energy heat exchanger.

21. The thermal and compressed air storage
system of claim 1, wherein said exhaustless heater is a

compression process heat exchanger.

22. A method of using compressed air to

provide electrical power comprising:
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providing a source of compressed air;
heating said compressed air with an
5 exhaustless heater;
driving a turbine using said heated
compressed air; and
powering an electrical generator with

sald driven turbine to provide said electrical power.

23. The method of claim 22, wherein said
providing comprises:
compressing air; and
storing said compressed air in an air

5 reservoir.

24. The method of claim 22, wherein said
providing comprises:
supplying a replaceable compressed air

cylinder.

25. The method of claim 22, wherein said
heating comprises:
uging a thermal storage unit to heat

said compressed air.

26. The method of claim 22, wherein said
heating comprises:
using an ambient air heat exchanger to

heat said compressed air.

27. The method of claim 22, wherein said
heating comprises:
using a turbine exhaust heat exchanger

to heat said compressed air.
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28. The method of claim 22, wherein said
heating comprises:

using a solar energy heat exchanger to

heat said compressed air.

29. The method of claim 22, wherein said
heating comprises:
using a waste energy heat exchanger to

heat said compressed air.

30. The method of claim 22, wherein said
heating comprises:
using a compression process heat

exchanger to heat said compressed air.

31. The method of claim 22, wherein said
electrical power provided by said electrical generator
is AC power, said method further comprising converting

said AC power to DC power.
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